Abstract
Background
South-east Asia has revealed several spectacular new species to science over the last three decades, mostly from the annamitic chain of Lao RDP and Vietnam, including a forest Bovidae (Saola, Pseudoryx nghetinhensis, Vu et al. 1993) , the first representative of Caudata for Laos RDP (Laotriton laoensis, Stuart and Papenfuss 2002) , a member of the Diatomyidae (Laonastes aenigmaeus, Jenkins et al. 2005) , a lineage of rodents that was presumed to be extinct for the last 11 Myrs, and the Bare-faced Bulbul (Pycnonotus hualon, Woxvold et al. 2009 ), a highly distinct passerine for which a new genus was recently described (Fuchs et al. 2018) .
Hence, it came with great surprise that the most recent major ornithological discovery in South-east Asian mainland, the Cambodian Tailorbird (Orthotomus chaktomuk , originated from lowland seasonally flooded scrub within the densely inhabited floodplain around the Tonle Sap, Mekong and Bassac rivers in southern Cambodia. This newly described taxon has been shown to be part of the O. atrogularis-O. ruficeps-O. sepium clade (Sheldon et al. 2012; ). The Cambodian Tailorbird was sister to the Dark-necked Tailorbird (O. atrogularis Temminck, 1836), with limited genetic (1.1-1.4% divergence in the analysed mitochondrial locus, the NADH dehydrogenase II) and biometric (culmen/wing ratio in males) differentiation. Vocalizations and plumage characters appeared to be slightly more divergent from its sister species O. atrogularis with the latter being somewhat intermediate between the plumage of O. atrogularis ssp. and O. ruficeps. The Ashy Tailorbird (Orthotomus ruficeps Lesson, 1830 ) currently consists of eight subspecies among which only one occurs on South-east Asian mainland, O. r. cineraceus Blyth, 1845 (SE Burma to Malay Peninsula, Sumatra, Bangka and Belitung; Fig. 1 ) (Dickinson and Christidis 2014) . Further widely distributed subspecies occur on Borneo (O. r. borneoensis Salvadori, 1874) and Java (O. r. ruficeps Lesson, 1830) . The remaining five subspecies are found in peripheric island of Sumatra (O. r. baeus Oberholser, 1912, Nias and Pagi Is.; O. r. concinnus Riley, 1927, Siberut, Sipura Is.) , Java (O. r. palliolatus Chasen and Kloss, 1932, Kangean, Karimon Java Is.; O. r. baweanus Hoogerwerf, 1962, Bawean Is.) and Borneo (O. r. cagayanensis Riley, 1935, Cagayan Sulu Is.) . Hence, no known populations of O. ruficeps were known to be distributed close to the range of O. chaktomuk until 2012 when the Ashy Tailorbird was detected near Kampot and Kep in SE Cambodia (Mahood and Martin 2013; Goes 2013) . Further evidences of the occurrence of previously unknown O. ruficeps populations in the Mekong area of Vietnam were suggested by Buckton and Safford (2004) and Robson (2011) . The localities where Ashy Tailorbirds were detected in Cambodia are only 20-30 km from the known populations in Vietnam. Yet, as Mahood and Martin (2013) stated, "Subspecific identification in Cambodia is not possible because no specimens of the Mekong delta population have been collected; but due to its geographic isolation it is probable that this population represents an undescribed subspecies. " As the Museum National d'Histoire Naturelle, Paris (MNHN) has an extensive collection of specimens from South-east Asia, we decided to inspect the Orthotomus specimens and discovered five specimens (Table 1) (Sheldon et al. 2009 ) and are even sometimes not directly related (e.g. Fuchs et al. 2015) .
Methods

Molecular data
We extracted DNA from toe pads of nine specimens housed in the collections of the Muséum National d'Histoire Naturelle, Paris (MNHN, Table 2) using the Qiagen DNA Mini Kit (Qiagen, Inc), following the manufacturer's protocol or the modified protocol described in Zuccon and Ericson (2010) for the toe-pad samples. We obtained complete sequences for the mitochondrial NADH dehydrogenase II (ND2) gene by performing several overlapping PCR (size 200-250 bp) using specific primers designed in this study (Additional file 1: Table S1 ). The amplification profile was: initial denaturation 5 min at 95 °C, followed by 35-40 cycles of denaturation 30 s at 95 °C, annealing 30 s at 57 °C, extension 45 s at 72 °C, with a final extension of 5 min at 72 °C. PCR products were cleaned using QIAquick PCR Purification Kit (Qiagen) and run on an ABI Prism 3100 automated DNA sequencer (Perkin-Elmer Applied Biosystems). Our new sequences were analysed together with all ND2 sequences published by Sheldon et al. (2012) , and Lim et al. (2014) . Newly generated sequences have been deposited in Genbank (Accession numbers: MH507590-MH507598).
Analyses
Gene tree reconstruction of the unique mitochondrial haplotypes was performed using Bayesian inference (BI), as implemented in MrBayes 3.2 (Ronquist et al. 2012) . We used the nst = mixed option such that model uncertainty is taken into account during the phylogenetic reconstruction, and incorporated rate variation using the gamma setting. Four Metropolis-coupled MCMC chains (one cold and three heated) were run for 10 × 10 6 iterations with trees sampled every 10 3 iterations. We used Phase v2.1.1 (Stephens et al. 2001) , as implemented in DNAsp 5.0 (Librado and Rozas 2009) , to infer the alleles for the two nuclear loci (TGFb2 and MUSK) sequenced by . We used the recombination model and ran the iterations of the final run 10 times longer than for the initial runs. We considered the output of the long final Phase run as the best estimate of haplotypes. We used TCS 1.21 (Clement et al. 2000) to reconstruct a 95% statistical parsimony network for two nuclear loci.
We used a Bayesian implementation of the general mixed Yule-coalescent model (bGMYC 1.0; Reid and Carstens 2012) to delimit species with our molecular data (speciation probability smaller than 0.05). This implementation incorporates gene tree uncertainty by sampling over the posterior distribution of sampled gene trees. We obtained a posterior distribution of ultrametric gene trees of the unique Orthotomus haplotypes using BEAST v1.8 (Drummond and Rambaut 2007) under GTR + G model, a strict clock model and a Yule process for the tree model. We calibrated the tree by using the ND2 rate estimated by Lerner et al. (2011) . We ran MCMC for 10 7 iterations with sampling of parameters and trees every 10 3 iterations. The first 10% of the samples were removed as the burnin period. We analysed 100 trees sampled randomly from the posterior distribution and used the default setting in bGMYC. We ran the MCMC chains for 5 × 10 4 iterations, with a burn-in of 4 × 10 4 iterations, and sampled parameters every one hundred iterations. All taxa that are not part of Orthotomus were pruned from the ultrametric trees prior the BGMYC analyses.
Biometry
Measurements were taken on specimens housed in the MNHN and the Swedish Museum of Natural History (NRM) from O. sericeus (n = 12), O. atrogularis (n = 50), O. ruficeps (n = 23) and O. sepium (n = 10) for five characters: culmen length (to skull insertion), bill width at posterior edge of nostril, bill height at posterior edge of nostril, tarsus length (both sides) and wing chord (both sides). All measurements were taken by JF using a wingrule (measurements to the nearest 0.5 mm) and a caliper (measurements to the nearest 0.1 mm) (data available in Additional file 1: Table S2 ). The average measurement was taken for the tarsus length and the longest measurement was taken for the wing length for the further analyses. We performed a principal component analysis in R, using the prcomp function, on all taxa. We also estimated the culmen length/wing length ratio to compare our results with those of .
Results
Molecular data
We obtained the entire ND2 sequences for all Orthotomus specimens (Fig. 2) . The Bayesian Inference ND2 tree of the 66 unique Orthotomus haplotypes (107 individuals) yielded a tree with congruent topology to those previously reported by Sheldon et al. (2012) and Fig. S1 ), suggesting that the three taxa could not be differentiated using these two loci. Results from the molecular species delimitations methods indicate that eleven species could be recognized in Orthotomus, as opposed to the thirteen recently proposed (Sheldon et al. 2012; ; Additional file 2: Fig. S2 ). This estimate is possibly an underestimate as O. sepium and O. ruficeps, two undisputed species, were considered conspecific (speciation probability: 0.55; average uncorrected percent ND2 distances: 3.2%; Sheldon et al. 2012) . O. chaktomuk and O. atrogularis were considered conspecific (speciation probability: 0.77) as were all O. ruficeps individuals (speciation probability: 0.90-0.91).
Biometric data
The boxplots indicated that the three analysed O. ruficeps lineages could be distinguished from each other based on bill height. O. r. borneoensis could be further distinguished from continental populations based on culmen length, and the Cambodian/Vietnamese population could be distinguished from the two other lineages based on bill width (Table 3 , Fig. 3 ). Tarsus and wing lengths do not allow discriminating between the different taxa. The boxplots of the culmen/wing ratio indicated that the Vietnamese O. ruficeps had the lowest ratio of all analysed taxa, whereas O. a. atrogularis had the highest (Fig. 3) .
Results from the Primary Component Analysis indicated that the O. ruficeps collected in Vietnam could be discretely differentiated from individuals collected in Borneo (O. r. borneoensis) and Malay Peninsula (O. r. cineraceus) (Fig. 4) . Most O. ruficeps subspecies could be separated on Axis 2. No differentiations could be made between the two O. atrogularis taxa (Fig. 4) .
Discussion
Re-discovered Ashy Tailorbird population
Our analyses include for the first time individuals from a recently re-discovered allopatric population of Ashy Tailord (O. ruficeps) in SE Cambodia and Vietnam and highlighted the existence of discrete genetic and biometric characters when compared to other O. ruficeps populations. This population of Ashy Tailord (O. ruficeps) from SE Cambodia and Vietnam is between 500 km (assuming oversea dispersal) or 1000 km (assuming no over sea dispersal) from closest populations. This large geographic distance, coupled to the inferred poor dispersal capability of tailorbirds (small rounded wings) as well as the genetic and biometric differences, suggests that the Cambodian/Vietnamese population constitutes an isolated population and an independent evolutionary lineage worth of description. We consider that the subspecies we could not sample (O. The morphological characters are culmen length, bill width at nostril, bill height at nostril, tarsus length (average of the left and right tarsus when possible) and wing chord (longest measurement of the left or ring wing). All characters but wing length were measured to the nearest 0.1 mm. Wing length was measured to the nearest 0.5 mm to be more closely related to the Cambodian/Vietnam populations than populations from continental Southeast Asia based on described phylogenetic patterns (e.g. Sheldon et al. 2009; Lim et al. 2014; Fuchs et al. 2015) . Based on the phylogenetic pattern, biometrics differences and distribution data, we recognize a new subspecies for the Orthotomus population distributed in Southern Vietnam and Cambodia that we name "O. ruficeps germaini Fuchs Zuccon subsp. nov". 
Diagnosis
Based on available specimens, the Ashy Tailorbird subspecies from Vietnam could not be diagnosed by plumage characters from other Ashy Tailorbird subspecies we examined. Madge (2018) mentioned that O. r. borneoensis has a slightly darker head than O. cineraceus and that subspecies differs by the darkness of on the upperparts but we could not recover this trend on the specimens we examined. As for other O. ruficeps subspecies, there is sexual dimorphism in O. ruficeps: males have a tawny chin and grey throat whereas females have a white chin and throat washed with gray. One male (MNHN ZO 1882-738) has white streaks on throat suggesting that it could be a first-year bird. The new taxon could be diagnosed by culmen length, bill height from other O. ruficeps subspecies and by plumage, bill width, and wing length from the sympatric O. atrogularis (Fig. 5) . The new subspecies differs from the recently described and possibly parapatric O. chaktomuk by cheeks and thighs colours . A genetic divergence of 1% from O. r. cineraceus and 1.1-1.3% from O. r. borneoensis was recovered at the analysed mitochondrial locus.
Description of holotype
We used the colour designations from Smithe (1975;  corresponding number in parentheses) when relevant. Forehead, lores, ear-coverts and legs TAWNY (38), rectrices, primaries, secondaries, crown and nape CINNAMON BROWN (33) back and rump DARCK NEUTRAL GRAY (83), flanks and sides LIGHT NEUTRAL GRAY (85) chin, throat, and abdomen white and washed with MEDIUM NEUTRAL GRAY (84). The mitochondrial ND2 locus was sequenced for the holotype (Genbank Accession Number MH507592).
Measurements of holotype
Left/right tarsus: 18.1/18.3 mm, left/right wing-chord: 50.5/50 mm, culmen length: 16.2 mm, bill-width at anterior end of nostril 3.0 mm, bill-depth at anterior end of nostril 3.0 mm. MNHN ZO 1966-573 (paratype) , MNHN ZO 1938 -738, MNHN ZO 1938 , MNHN ZO 1938 -740, MNHN ZO 1938 -742 (paratype) Fuchs and Zuccon Avian Res (2018 Other specimens examined and not part of the type-serie MNHN-ZO 1882 -728, MNHN-ZO 1929 -1463 , MNHN-ZO 1939 -913, MNHN-ZO 1997 O. a. atrogularis MNHN-ZO 1989-120 1892 by the MNHN. This specimen is now in the Senckenberg Museum (Frankfurt am Main, SMF 78404).
Vocalisations
We 
Distribution and conservation
This new subspecies appears to be restricted to Southern Vietnam (specimen data, vocalisations) and possibly south-east Cambodia (Goes 2013; Mahood and Martin 2013) . Southern Vietnam and Cambodia hold several mangroves that are under threat and recognition of this population as an endemic taxon could enhance conservation plans and understand macroecological patterns of biodiversity. Clearly, thorough inventories of these areas are crucial to understand in more details the distribution of O. ruficeps germaini.
Nomenclatural acts
The electronic edition of this article conforms to the requirements of the amended International Code of Zoological Nomenclature (International Commission on Zoological Nomenclature 1999), and hence the new name contained herein is available under that Code from the electronic edition of this article. This published work and the nomenclatural act it contains have been registered in ZooBank with the ZooBank Life Science Identifier urn:lsid:zoobank.org:pub:0D7F54E5-F467-4D43-8404-A936F644279E. The electronic edition of this work was published in a journal with ISSN 2053-7166, and has been archived and is available from the digital repository http://www.ncbi.nlm.nih.gov/pmc/.
What is the Cambodian Tailorbird?
Our analyses revealed that the Cambodian Tailorbird haplotypes are nested within O. a. atrogularis. Noticeably, the genetic divergence between O. chaktomuk and O. atrogularis is now 0.7%, as opposed to the initial 1.4% in the initial species description (no O. a. nitidus were included in the original genetic analyses; . This genetic distance is lower than the genetic divergence observed among populations of the White-rumped Shama (Copsychus saularis) distributed in Singapore and China (Sheldon et al. 2009 ). The Cambodian Tailord is barely distinguishable from O. nitidus atrogularis or O. ruficeps cineraceus species based on biometric data although culmen/wing ratio was slightly lower and we attribute the differences to the operator effect. Evolutionary implications for this putative hybrid zone could either be a stable hybrid or tension zone or despeciation process where non-differentiated taxa remerge (e.g. Phoenicurus phoenicurus, Corvus corax; Webb et al. 2011; Hogner et al. 2012) . Alternatively, O. chaktomuk could represent a very recent offshoot of O. atrogularis that differentiated very recently and not enough time passed for the mtDNA to coalesce. This scenario is also possible as genetic distances are not always indicative of reproductive isolation. Yet, the molecular species delimitation method is a good approximation of the number of Orthotomus species recognized in previous studies with dense sampling (Sheldon et al. 2012; Lim et al. 2014) . The only exception implies the species pair O. ruficeps/O. sepium, which have a limited genetic divergence (3.2%, Sheldon et al. 2012 ) but their speciation probability was only 0.55. In contrast, the probability that O. chaktomuk was distinct at the species-level from the O. atrogularis was much lower (speciation probability 0.77). The limited nuclear data available do not allow favoring or rejecting any of the hypotheses as they are lacking for the two taxa that would be involved in the hybridization (O. atrogularis nitidus and O. ruficeps germaini). Furthermore, the fact that all these taxa are closely related may result in the fact that most taxa would not be monophyletic in the nuclear loci or hold distinctive substitutions that could detect hybrids with few intronic loci. Hence further individuals and genomic approaches using the isolation with migration model may be needed to resolve the question. If O. chaktomuk indeed represents a distinct taxon, its interaction from a genetic point of view with its sympatric (O. atrogularis nitidus) or parapatric (O. ruficeps germaini) should be further studied.
